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ABSTRACT: 

PURPOSE: To produce a semiconductor color light emitting element capable of 
emitting light with a high luminous efficiency, and mass-producible with a good 
repeatability . 

CONSTITUTION: The title semiconductor color light emitting element has a 
laminated structure of individual light emitting, elements R, G and B by light 
emitting diodes or semiconductor lasers for example of red, green and blue, 
composed of III-V and I I -VI compound semiconductor light emitting elements to 
lattice-match with GaAs, put on a common GaAs substrate 1. 
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** NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline perspective diagram of an example of the semiconductor color light emitting device by this invention. 

[ Drawing 2] It is the representative circuit schematic of an example of the semiconductor color light emitting device by this 
invention. 

[Drawing 3] It is the outline cross section of an example of the light-emitting-device composition substrate which constitutes the 
semiconductor color light emitting device by this invention. 

| Drawing 4] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 51 It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 6] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 7] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 8] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 9] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 10"] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 1 1 ] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 12] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 13] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 14] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 15] It is the outline cross section of one process of the 1 manufacture method of an example of the semiconductor color 
light emitting device by this invention. 

[Drawing 16] It is the outline cross section of other examples of the semiconductor color light emitting device by this invention. 
[Drawing 17] It is the outline cross section of other examples of the semiconductor color light emitting device by this invention. 
[Drawing 1 8] It is the outline cross section of other examples of the light-emitting-device composition substrate which constitutes 
the semiconductor color light emitting device by this invention. 
[Description of Notations] 
1 GaAs Substrate 
2 ; 3, 4 Contact layer 

R A red semiconductor light emitting device 

G A green semiconductor light emitting device 

B A blue semiconductor light emitting device 

11R, 11G, 11B 1st clad layer 

12R, 12G, 1 2B Barrier layer 

13R, 13G, I3B2nd clad layer 

2 1 Light-Emitting-Device Composition Substrate 

2 1 R The red light-emitting-device composition section 

2 1 G The green light-emitting-device composition section 

21 B The blue light-emitting-device composition section 
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■41 1st Electrode 

42 2nd Electrode 

43 3rd Electrode 

44 4th Electrode 



[Translation done.] 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the semiconductor color light emitting device which can be used as the light 

sources, such as a liill color display or a color printer. 

[0002] 

[Description of the Prior Ait] Conventionally, there is a light emitting device indicated by JP,2-283079,A as a semiconductor 
color light emitting device which can perform a full color display. 

[0003] The light emitting device which can perform this full color display can perform foil color image display by arranging this 
two-dimensional as a pixel. 

[0004] However, in fact, it differs in wavelength, respectively, i.e., this conventional kind of light emitting device has a problem 
in having respectively high luminous efficiency and forming it in [ repeatability is good and ] mass production, and it has come to 
put the light emitting device of each color of red, green, and blue in practical use with crystallinity sufficient on the same substrate 
therefore. 
[0005] 

fProblem(s) to be Solved by the Invention] this invention offers the semiconductor color light emitting device which has the light 
emitting device of each color of red, green, and blue, and enabled it to form respectively high luminous efficiency with 
crystallinity sufficient on the same substrate therefore for it in [ repeatability is good and ] mass production. 
[ 0006] As a result of performing experiment, research, and consideration, this invention person etc. wholeheartedly namely, this 
semiconductor color light emitting device It has high luminous efficiency, repeatability is good, and it is what came to find out the 
semiconductor color light emitting device which can be manufactured with the high yield. By enabling full color luminescence 
which is this very thing and was excellent by this, and arranging this semiconductor color light emitting device two-dimensional 
to a common substrate For example, it comes to offer the semiconductor color light emitting device which can perform TV color' 
display, can constitute display units, such as a personal computer and a word processor, or can be used as the light source of a 
LASER beam printer by one-dimensional array. 
[0007] 

[Means for Solving the Problem] The 1st this invention is III- V which carries out grid adjustment on the common GaAs substrate 
1 at GaAs as the outline perspective diagram of the example is shown in drawing 1 . It considers as the composition which carries 
out the laminating of the red who consists of a group compound semiconductor light emitting device and an II- VI group 
compound semiconductor light emitting device, green, and each blue semiconductor light emitting devices R, G, and B by light 
emitting diode or semiconductor laser. 

[0008] It sets in above-mentioned composition and the 2nd this invention is the I IF- V. A group compound semiconductor light 
emitting device is constituted from an AlGalnP syste m compound semiconductor, and an II- VI group compound semiconductor 
light emitting device consists of iPvT group compound semiconductors by the following (** 1 ) composition. 
[0009] 

[Formula 1] Znl-x-y Mgx Cd y Sa Teb Sel-a-b (0<=x<l, 0<=y<l, 0<=a<l, 0<=b<l) 

[0010] In above^meTitibned composition, the 3rd this invention piles up red, green, and each blue semiconductor light emitting 
devices R. G ; and B in order of red, green, and blue, and takes out color luminescence from the blue semiconductor 
light-emitting-device B side. 

[00 1 1 ] In the composition of the 3rd invention of a **** ; the 4th this invention carries out the laminating of the red, green, and 
each blue semiconductor light emitting device to the order of blue, green, and a red semiconductor light emitting device on the 
GaAs substrate, and considers them as the composition which drills the bore which derives the color luminescence at a part of 
GaAs substrate. Thai is, in this composition, it considers as the composition which derives luminescence from the direction which 
specifically intersects field luminescence composition, i.e., each semiconductor layer, in each semiconductor light emitting 
devices R, G, and B, and which intersects perpendicularly mostly, for example. 

[001 2] The 5th this invention is considered as the composition between which the GaAs electrode contact layer was made to be 

placed between red ; green, and each blue semiconductor light emitting device in each above : nientioned composition. 

[001 3] The 6th this invention makes each red. green, and each blue semiconductor light emitting device double hetero structure. 

[0014] 
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■•[Function] The semiconductor color light emitting device by this invention composition can perform 4 full color luminescence to 
composition of such light, when the light emitting devices R, G, and B of red in three primary colors, green, and blue take the 
composition by which the laminating was carried out and cany out drive luminescence of these individually. 
[001 5] And since each semiconductor light emitting devices R, G, and B have the composition by which the laminating was 
carried out, and these cany out **** approach mutually and are constituted, when considering as the so-called level type 
composition to which outgoing radiation of the luminescence of each [ these ] semiconductor light emitting devices R, G, and B is 
carried out from the end lace, this luminescence can compound such light easily and can perform full color luminescence. 
Moreover, full color luminescence which was excellent when considering as the so-called field luminescence type composition 
which makes luminescence of each [ these ] semiconductor light emitting devices R, G, and B the direction of a field and the 
crossing direction can be performed. 

[0016] And especially in this invention composition, it excels in crystallinity and can receive at a low price. Moreover, on this, it 
is I1I-V. The GaAs substrate 1 which a group and an II- VI group compound semiconductor can improve epitaxy of the adjustment 
is used. They are the semiconductor light emitting devices R, G, and B of each color formed on this III- V By having constituted by 
the group and the II- VI group compound semiconductor Since the light emitting device which was excellent in crystal] inity, 
concerning [ both ] each light emitting devices R, G, and B can be constituted, certainly therefore, repeatability is good and the 
semiconductor color light emitting device which it is stabilized and is made into the purpose can be manufactured with the high 
yield. 

r~~fQQ 1 7] and from taking the combination composition of each semiconductor light emitting device of a III- V group and an 0- VI 
/ group in this way For example, it is related with luminescence o f red w ith comparatively l ong waveleng th, and the light emitting 
/ device which performs green luminescence in a certain case further. IIF-V A group system compound semiconductor constitutes 
^ and it is related with the light emitting device with short wavelength which perfor ms blue and still greener lu minescence in a 
certain case at least. By constituting by the II-VI group system compound semiconductor, about air the light emitting devices R, 
G, and B : it can constitute as a high light emitting device of both luminous efficiency, and the semiconductor color light emitting 
device which can perform Mill color luminescence covering a wide range hue can be constituted. 

[00 1 8] Moreover, it sets to the 2nd this invention and is III- V. The semiconductor color light emitting device which sets an II-VI 
group system compound semiconductor light emitting device as the purpose by which grid adjustment was carried out good to the 
GaAs substrate 1 by constituting by the II-VI group system compound semiconductor by composition of the above (** 1 ) by an 
AlGalnP system compound semiconductor constituting a group compound semiconductor light emitting device can be obtained. 
Therefore, it is stabilized more, and repeatability of luminous efficiency is good and it can manufacture a high semiconductor 
color light emitting device with the high yield. 

[00 1 9] Furthermore, at the 3rd this invention, a substrate side to this is an opposite side to red's light emitting device about the 
superposition of the red, green, and a blue semiconductor light emitting device. - It piles up in order of the light emitting device of 
green hght-emilting-device-blue. and considers as the composition which observes color luminescence from the short 
wavelength, i.e., blue semiconductor light emitting device, side. That is, the composition with which luminescence is performed in 
the direction in which each light emitting device crosses in this case to the so-called direction of a field of field luminescence type 
composition, i.e., a semiconductor layer, is what is taken. In this case, since luminescence of the red by the red's light emitting 
device R is pulled out through a blue light emitting device through a green light emitting device with green luminescence by this 
green light emitting device and observes this, it can draw each colored light, i.e., a full color light, efficiently, and can observe 
this. That is, a blue light emitting device is highest light emitting device green next, and since the red band gap is the smallest, the 
band gap about each semiconductor-material layer which constitutes the light emitting device by semiconductor laser or light 
emitting diode in this case, such as a barrier layer and a clad layer, takes the mode that a band gap derives light with long 
wavelength from a high large namely, semiconductor penetrable layer side, respectively, and enables an efficient luminescence 
display. 

[0020] Furthermore, in the 4th this invention, in the 3rd above-mentioned this invention, blue, green, and each red semiconductor 
light emitting device are piled up one by one from this substrate side on a GaAs substrate, and since color luminescence is derived 
through the bore which drilled this GaAs substrate on the other hand, luminescence from each light emitting device can be 
derived efficiently, without [ without it is shaded by the electrode contacted by these, and ] an optical absorption being carried out 
by the GaAs substrate. 

[0021] Moreover, in the 5th this invention, since the electrode contact layer by GaAs is made to intervene between each 
semiconductor light emitting device By being able to carry out the ohniic contact of the electrode of each semiconductor light 
emitting device here good, and having constituted this contact layer by the GaAs layer further The etching stopper in the etching 
process for | this contact layer / each electrode / contacting j exposing this contact layer outside can bring about a predominance 
on manufacture from a bird clapper. 

[0022] Furthermore, since each semiconductor light emitting device was made into the so-called double hetero structure, by the 
carrier poured into the hairier layer which constitutes each of that semiconductor light emitting device closing, and performing 
eye **, the luminous efficiency can be raised more and a bright semiconductor color light emitting device can consist of the 6th 
this invention. 
[0023] 

| Example] The example of the semiconductor color light emitting device by this invention is explained, this invention is III- V 
which carries out grid adjustment on the common GaAs substrate 1 at GaAs as the outline perspective diagram of the example is 
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-shown in drawing 1 . The laminating of the red who consists of a group compound semiconductor light emitting device and an 

II- VI group compound semiconductor light emitting device, green, and each blue semiconductor light emitting devices R ; G, and 
B by light emitting diode or semiconductor laser is carried out, and the semiconductor color light emitting device 50 is 
constituted. 

1 0024] Mere, the semiconductor light emitting device R of the red of long wavelength and the still greener semiconductor light 
emitting device G in a certain case are I II- V comparatively. It considers as group system composition and, in a certain case, the 
semiconductor light emitting device B of the blue of short wavelength and the green semiconductor light emitting device G are 
further considered as 1 1- VI group system composition at least. 

[0025] III- V To constitute a group compound semiconductor light emitting device by the AlGalnP system compound 
semiconductor is desired, and to constitute an II- VI group compound semiconductor light emitting device from an II- VI group 
compound semiconductor by composition of the above (** 1) is desired. 

[0026] The contact layers 2, 3, and 4 are formed in each ** of each semiconductor light emitting devices R, G, and B, and the 
upper surface of the semiconductor light emitting device (the example of drawing 1 the light emitting device B) of the best layer. 
[0027] And covering formation of the 1st electrode 41 by In is carried out at the rear face of the GaAs substrate 1 at OMIKKU, 
and the 2nd, the 3rd, and 4th electrodes 42, 43, and 44 are put on the contact layers 2, 3, and 4 by the side of each upper part of 
each semiconductor light emitting devices B, G, and R (it is an opposite side in the GaAs substrate 1) at OMIKKU, respectively. 
[0028] what shows the equal circuit of the semiconductor color light emitting device by this invention which shows drawing 2 to 
drawing 1 -- it is - each - terminal Tl -T4 The terminal of the 1st - the 4th electrode 4 1 -44 is shown, respectively. When based 
on this composition, it is a terminal Tl . And T2 Between and terminal T2 And T3 Between and terminals T3 and T4 By 
supplying necessary driver voltage in between, respectively, each light emitting devices R, G, and B are independently 
controllable. Therefore, composition of these luminescence can pel-form color luminescence by combining these elements R, G s 
and B and making them emit light. 

[0029] in this case, it sets to drawing 1 and luminescence of each semiconductor light emitting devices R, G, and B is Arrows AR 
and AG. And AB Arrows BR and BG which can also consider as the horizontal-type composition which carries out outgoing 
radiation from the end face of the semiconductor layer which constitutes these elements R, G, and B so that it may be shown, and 
intersect the field of a vertical mold, i.e., a semiconductor layer, And BB It can also consider as the so-called field luminescence 
type composition made [ a direction ] to cany out outgoing radiation. 

[0030] When considering as field luminescence type composition, red, green, and each blue semiconductor light emitting devices 
R, G, and B are piled up in order of red, green, and blue, and color luminescence is taken out from the blue semiconductor 
light-emitting-device B side. 

[003 1] To the common GaAs substrate 1, the 1 -dimensional semiconductor color light emitting device 50 by this invention can 
also be arranged in one train-like, and can also be arranged in the line and the direction of a train which cross mutually 
two-dimensional, i.e.. respectively. 

[0032] One example in the case of constituting the semiconductor color light emitting device 50 by this invention and the 
luminescence equipment with which it comes to arrange two or more these is explained with an example of the manufacture 
method with reference to drawing 3 - drawing 5 , in order to make the understanding easy. As first shown in drawing 3 , the 
light-emitting-device composition substrate 21 by which the red who finally constitutes the red by double hetero structure, green, 
and the blue semiconductor light emitting devices R, G, and B, respectively, green, and the blue light-emitting-device 
composition sections 2 1 R, 2 1 G, and 2 1 B were formed on the GaAs substrate 1 is prepared. 

[0033] The red and the green semiconductor light emitting devices R and G which are finally constituted from this example are 

III- V of an AlGalnP system. It is group system composition and is the case where the blue semiconductor light emitting device B 
considers as the 11- VI group system composition by the above (** 1). 

[ 0034] This substrate 2 1 carries out epitaxy of the red light-emitting-device composition section 2 1 R first on the n GaAs single 
crystal substrate 1 of type, as a rough cross section is shown in drawing 3 . This composition section 2 1 R For example, 1 st clad 
layer 1 1R which consists of 0.5 (aluminum0.6 Ga0.4) In0.5 of n type with a thickness of 0.5 micrometers P, For example, 
barrier-layer 1 2R which consists of undoping with a thickness of 0.3 micrometers, a low-concentration n type, or p type 0.5 
(aluminum0.2 Ga0.8) In0.5 P, For example, epitaxy of the 2nd clad layer 13R which consists of 0.5 (aluminum0.6 Ga0.4) In0.5 
of p type with a thickness of 0.5 micrometers P is carried out one by one, and it is formed. 

[0035] And on this composition section 21R, epitaxy of the 1st contact layer 2 by p type GaAs with a thickness of 0.2 
micrometers is carried out, and epitaxy of the light-emitting-device composition section 21 G [ green ] is earned out on this. These 
composition section 2 1 G For example, the 1 st clad layer 1 1 G which consists of p type (aluminumO.7 Ga0.3) 0.5 with a thickness 
of 0.5 micrometers In0.5 P, For example, barrier-layer 1 2G which consist of undoping with a thickness of 0.3 micrometers, a 
low-concentration n type, or p type 0.5 (aluminum0.6 Ga0.4) In0.5 P, For example, epitaxy of the 2nd clad layer 1 3G which 
consists of 0.5 (aluminum0.7 Ga0.3) In0.5 of n type with a thickness of 0.5 micrometers P is earned out one by one, and it is 
formed. 

[ 0036] Furthermore, on these composition section 21 G, epitaxy of the 2nd contact layer 3 by n type GaAs with a thickness of 0.5 
micrometers is carried out, and epitaxy of the blue light-emitting-device composition section 2 1 B is carried out on this. This 
composition section 2 1 B For example, 1 st clad layer 1 1 B by n type Zn (SO.07SeO.93) with a thickness of 0.5 micrometers, For 
example, barrier-layer 1 2B of the TQW (3-fold quantum well) structure by the repeat laminating of the barrier layer of ZnSe with 
a thickness of 6nm, and the quantum well layer of Se (Zn0.9 CdO. 1 ) with a thickness of 4nm, For example, epitaxy of the cap 
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layer 14 by the superstructure of 2nd clad layer 13B by the p type layer Zn with a thickness of 0.5 micrometers (SO.07SeO.93), 
and p type ZnTe and ZnSe and the contact layer 4 by ZnTe is earned out one by one, and they are formed. 

|0037] Above-mentioned III-V Each red by the group compound semiconductor and the green light-emitting-device composition 
sections 2 1 R and 2 1 G, and the 1 st and 2nd contact layers 2 and 3 are formed by Continuation MOC VD (Metal Organic Chemical 
Vapor Deposition), and cany out epitaxy of the light-emitting-device composition section 2 IB of the blue containing the contact 
layer 4 by the II- VI group compound semiconductor on this by Continuation MBE (molecular beam epitaxy). 
[0038] Thus, it is the red light-emitting-device composition section 21R-contact layer 2 on the GaAs substrate 1. - The 
light-emitting-device composition substrate 21 in which the light-emitting-device composition section 21 B-contact layer 4 of 
green light-emitting-device composition section 21G-contact layer 3-blue was formed is constituted. And as shown on the contact 
layer 4 of this substrate 2 1 at drawing 4 , the etching mask 6 1 of the shape of a stripe prolonged in the direction in which width of 
face W and space and the interval D cross at right angles in drawing 4 by 40 micrometers, respectively is formed by the 
application of a photoresist, pattern exposure, and development. 

[0039] As shown in drawing 5 , pattern etching of the light-emitting-device composition section 2 1 B of the contact layer 4 which 
it was not covered with this mask 6 1 , but was exposed outside, and the blue under it is earned out by RIE (reactive ion etching) 
for example, using Ar atmosphere by using the etching mask 61 as a mask. If it does in this way and will be [ since the etch rate is 
very slow, pattern etching of this composition section 2 1 B will be earned out and ] exposed of the contact layer 3 by GaAs to 
GaAs. this RIE Since the etching stops seemingly here, by stopping etching at this time Pattern etching of only blue 
light-emitting-device composition section 2 IB can be performed, it has an interval equivalent to the interval D of the etching 
mask 61, light-emitting-device composition section 21 B of stripe-like blue is separated, and array formation of the semiconductor 
light emitting device B of the blue which consists of the one section each of this composition section 21 B is earned out. 
[0040] As shown in drawing 6 , the etching mask 6 1 is removed, between other semiconductor light emitting devices B which 
adjoin the semiconductor light emitting device B in every other one and this by the corresponding 1 side is covered, and the 
etching mask 62 by the photoresist is formed similarly. 

1 004 1 ] As shown in drawing 7 , etching removal of the contact layer 4 exposed outside, without being covered with this mask 62 
and the light emitting device B in every other one under this is carried out by using the etching mask 62 as a mask. Next, chemical 
etching by the etching reagent according the contact layer 3 by GaAs exposed by this etching to mixture with ammonia and 
hydrogen peroxide solution is performed, and chemical etching by the etching reagent according light-emitting-device 
composition section 2 1 G with the still greener AlGalnP system under this to the solution of a hydrochloric acid or the mixed 
liquor of a hydrochloric acid and hydrogen peroxide solution is performed. 

[0042] In this case, although the etching is made good about light-emitting-device composition section 21 G by AlGalnP, this 
etching If outside exposed [ since the etch rate is very slow, pattern etching of light-emitting-device composition section 21G is 
carried'out by this etching, and ] about GaAs of the contact layer 2 by GaAs Since etching stops seemingly here, if etching is 
stopped at this time While the green semiconductor light emitting device G which it separates into two or more portions with the 
width of face and the interval equivalent to W+D, and light-emitting-device composition section 21 G [ green ] become from a 
part of these composition section 2 1 G is constituted The semiconductor light emitting device B of the blue which becomes for 
example, the 1 half section on this from the one section each of light-emitting-device composition section 21 B of 
above-mentioned blue is left behind. 

[0043] Next, as shown in drawing 8 , the etching mask 62 is removed, light-emitting-device composition section 21 G of each of 
this green by which the separation array was carried out, and light-emitting-device composition section 21B of the blue on this are 
covered, a half width is covered and the etching mask 63 by the photoresist of the interval between light-emitting-device 
composition section 2 1 G [ green ] which adjoin each other further is formed similarly. 

[0044] As shown in drawing 9 , a pattern is similarly carried out to having mentioned above light-emitting-device composition 
section 2 1 R of the red of the GaAs contact layer 2 exposed outside, without being covered with this etching mask, and the 
AlGalnP system under this by using the etching mask 63 as a mask. 

[0045] When done in this way, as it mentioned above, if outside exposed [ since the etch rate is veiy slow, pattern etching of the 
red light-emitting-device composition section 21R is carried out, and ] about GaAs of the GaAs substrate 1 Since etching stops 
seemingly here, if etching is stopped at this time Red light-emitting-device composition section 2 1 R is divided into two or more 
portions with the width of face equivalent to 2 W+D, and the interval equivalent to W, and the semiconductor light emitting 
device R of the red who consists of the one section each of this red's light-emitting-device composition section 21 R is constituted. 
[0046] Therefore, if the etching mask 63 is removed after that, as shown in drawing 10 On the semiconductor light emitting 
device R of the red separated with the interval which is equivalent to the above-mentioned interval E>, respectively The 
semiconductor light emitting device B of the blue of width of face is formed, this - smallness - the semiconductor light emitting 
device G with green width of face forms -- having - farther - a this top - this - smallness - Array formation of two or more 
semiconductor color light emitting devices 50 by which the contact layers 2, 3, and 4 were exposed to the portion exposed to the 
exterior of each semiconductor light emitting device R, G, and B is simultaneously carried out on the common GaAs substrate 1 . 
[0047] the above-mentioned semiconductor color light emitting device 50 - selection of the pattern of each etching masks 61 -63 
-- a single tier - that is, array formation can also be carried out in one dimension, and array formation can also be carried out 
two-dimensional in every direction, i.e., a line, and a train 

[ 0048] Thus, the electrode to each semiconductor light emitting devices R, G, and B of each formed semiconductor color light 
emitting device 50 is formed. It is the case where the 1 st- electrode 41 to the GaAs substrate 1 is considered as the composition in 
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contact with the side in which each semiconductor color tight emitting device 50 of a substrate 1 is formed in this example. 
[0049] In this case, first, as shown in drawing 1 1 , all the semiconductor color light emitting devices 50 on a substrate 1 are 
covered, and a photoresist layer 65 is applied. 

[0050 ] As shown in drawing 1 2 , to a photoresist layer 65, pattern exposure and development are performed, aperture 66 WR to 
which the electrode covering section of the contact layers 2 and 4 of a portion in which the semiconductor light emitting device of 
others respectively of red and the blue semiconductor light emitting devices R and B is not laid is exposed, and 66WB(s) are 
drilled, and the vacuum evaporationo of an electrode or the mask 66 of sputtering is formed, for example, respectively, in this case 
-- for example, positive -- it is made for the eaves 67 which are exposed with superfluous [ some ] and project toward a center in 
the ulnar margin of aperture 66 WR and 66WB(s) to occur using the photoresist of type 

[005 1 ] it is shown in drawing 1 3 -- as -- aperture 66 WR of a mask 66, and 66WB(s) -- leading -- the contact layers 2 and 4 -- 
receiving - perpendicular -- for example, Ti/Pt/Au -- vacuum evaporationo -- or sputtering is carried out and covering formation 
of the 2nd and 4th electrodes 42 and 44 is carried out at OMIKKU In this case, since eaves 67 exist in aperture 66 WR and 
66WB(s), it is interrupted by eaves 67 and electrodes 42 and 44 can be formed in a part of outcrop of each semiconductor light 
emitting device. 

[0052] As shown in drawing 14 , a photoresist is similarly applied again with having removed and mentioned the mask 66 above, 
for example, and pattern exposure and development are performed to this., respectively On the GaAs substrate 1 , Aperture 68W 
and 68WGs to which each electrode covering section of the contact layer 3 of a portion in which the semiconductor light emitting 
devices R and B of others respectively on the green semiconductor light emitting device G are not laid is exposed are drilled, and 
the vacuum evaporationo of an electrode or the mask 68 of sputtering is formed, also in this case -- each - it is made for the eaves 
67 which project toward a center in the ulnar margin of aperture 68 W and 68WGs to occur 

[0053] and aperture 68 W and 68WGs of a mask 68 -- leading -- a substrate 1 top and the contact layer 3 -- receiving - 
perpendicular -- for example, AuGe/nickel/Au -- vacuum evaporationo -- or sputtering is carried out and covering formation of 
the 1 st and 3rd electrodes 4 1 and 43 is carried out at OMIKKU In this case, since eaves 67 exist in aperture 68 WG, it can form in 
a part of outcrop of the semiconductor light emitting device G also about an electrode 43. 

[0054] A mask 68 is removed as shown in drawing 15 . When it does in this way, the luminescence equipment with which two or 
more semiconductor color light emitting devices 50 by which the 2nd - the 4th electrode 42-44 were formed in each 
semiconductor color light emitting device 50 by which array formation was carried out, and the 1st electrode 4 1 to a substrate 1 
was fonned on the GaAs substrate 1 at the same side as these were arranged is constituted. 

[0055] Thus, since the fonned semiconductor light emitting devices R, G, and B have light emitting diode composition, they can 
be used as field luminescence composition and observe the luminescence in a substrate 1 in this case from the side which has the 
semiconductor light emitting device B of an opposite side, i.e., blue. In this case, since luminescence of the red by the red light 
emitting device is further pulled out through a blue light emitting device through a green light emitting device from a blue 
semiconductor light-emitting-device, i.e., short wavelength, side with green luminescence by this green light emitting device since 
color luminescence is observed, and this is observed, derivation of each colored light, therefore a full color light can be drawn 
efficiently, and this can be observed. That is, the mode which shows [ as opposed to / this / relatively / from being a light emitting 
device highest / the band gap about each /. such as a barrier layer which constitutes the light emitting device according to 
semiconductor laser or light emitting diode in this case, and a clad layer, / semiconductor-material layer / a blue light emitting 
device and green next, and a red band gap being smallest J permeability for a light long / of wavelength / of deriving from a 
semiconductor layer side with a large band gap relatively is taken, and an efficient luminescence display is enabled. 
[0056] Since each semiconductor light emitting devices R, G, and B were made into the double hetero structure where the 1st, 
clad layer 1 1 of ** 2nd R, 1 3R and 1 1 G, and 1 3G, 1 1 B and 1 3B were fonned in the upper and lower sides of the b airier layers 
1 2R, 1 2G, and 1 2B, respectively according to above-mentioned composition, a earner can close, eye ** can be perfoirned 
effectively and it can constitute, high semiconductor light emitting device, for example, light emitting diode, of luminous 
efficiency. 

[0057] In addition, in the example mentioned above, although it is the case where it considers as the structure which piled up the 
red semiconductor light emitting device R, the green semiconductor light emitting device G, and the blue semiconductor light 
emitting device B one by one from the GaAs substrate 1 side, as shown in drawing 1 6 , it can consider as the structure which 
piled up the blue semiconductor light emitting device B, the green semiconductor light emitting device G, and the red 
semiconductor light emitting device R one by one from the GaAs substrate 1 side, and the bore 70 which derives color 
luminescence to a substrate 1 In drawing 16 , the same sign is given to drawing 1 5 and a corresponding portion, and duplication 
explanation is omitted. 

[0058] Moreover, this invention can also be considered as the composition which derives outgoing radiation light from the end 
face of not only when considering as field luminescence composition, but each barrier layers 1 2R, 1 2G, and 1 1 B. 
[0059] Moreover, each semiconductor light emitting devices R, G, and B are not made restricted for operating as light emitting 
diode, and can make semiconductor laser operation perform. 

[0060] However, when considering as the composition to which outgoing radiation of the semiconductor light emitting devices R, 
G, and B is carried out from an end face in the case of which [ which are made into light emitting diode or semiconductor laser ], 
generally the airay of the semiconductor color light emitting device 50 is taken as the composition which carries out outgoing 
radiation as one-dimensional array from the array direction and the direction which intersects perpendicularly. And this field can 
constitute the array of each semiconductor color light emitting device 50 by the eiystallography-miiror plane in this case by 
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'selecting so that the cleavage plane of the crystal of the light-emitting-device composition substrate 21 may be met, and 
constituting by the cleavage of this substrate 21, the outgoing radiation end face, i.e., the resonator end face, of each 
semiconductor light emitting devices R, G, and B of each light emitting device 50. 

1 0061 ] As mentioned above, the contact layers 2 and 3 which form each electrodes 42 and 43 between each semiconductor light 
emitting device for contacting OMIKKU by the GaAs layer at the time of ****** It not only can carry out the ohmic contact of 
the electrode of each semiconductor light emitting device good here, but From the ability of the GaAs contact layers 2 and 3 to be 
used as an etching stopper in the manufacture process, etching of the depth, i.e., PATANETCHINGU ** of each 
light-emitting-device composition sections 21B and 21G, certainly made into the puipose can be performed. 
[00621 Drawing 1 7 shows the outline cross section of an example at the time of making each semiconductor light emitting 
devices R, G, and B into field luminescence type semiconductor laser structure. It is the case where luminescence by each 
elements B ; G, and R is made to be derived through the bore 70 which earned out laminating formation of blue, green, and each 
red semiconductor light emitting devices B, G, and R from the substrate 1 side one by one, and was drilled on the GaAs substrate 
1 in this example at the substrate 1 . 

1 0063 | In this case, the reflecting mirror MB 1 in a multiple reflection mirror (DBR:Distributed Bragg Reflector), for example, a 
distribution black reflecting mirror, MB2 and MG1, and MG2, MR1 and MR2 are formed in the upper and lower sides of MBE 
or MOCVD, respectively, the resonator of a vertical mold is constituted by each semiconductor light emitting devices B, G, and R 
between each reflecting minor, respectively, and the semiconductor light emitting devices B, G, and R by vertical-mold (field 
luminescence type) semiconductor laser are constituted in them, respectively. 

1 0064] And in this case, each reflecting mirror of the semiconductor light emitting devices B, G, and R of each color is designed, 
respectively, so that permeability may be shown to the light of the luminescence wavelength of the light emitting device of other 
colors. 

[0065] And in drawing 17 , the same sign is given to drawing 1 and drawing 1 5 , and a corresponding portion, and duplication 
explanation is omitted. In drawing 17 , it is the case where it considers as the composition which put the 1 st electrode 4 1 on the 
rear lace of the GaAs substrate 1 . 

[0066 ] In addition, it is not restricted to the example mentioned above, and various composition can be taken, for example, the 
light-emitting-device composition substrate 21 which constitutes the semiconductor color light emitting device by this invention is 
the red semiconductor light emitting device R III- V A group, for example, an AlGalnP system compound semiconductor, can 
constitute, and an II- VI group compound semiconductor can also constitute green and the blue semiconductor light emitting 
devices G and B. 

[0067 1 An example of the substrate 2 1 in this case is explained with reference to drawing 18 . On the n GaAs substrate 1 of type, 
in this case, for example, 1st clad layer 1 1R by n type AlGalnP (for example, (aluminum0.6 Ga0.4), 0.5 ln0.5 P), Undoping, 
low-concentration n type, or p type For example, barrier-layer 1 2R by AlGalnP (for example, (aluminum0.2 GaO.8), 0.5 ln0.5 P), 
Light-emitting-device composition section 2 1 R of the red by each epitaxy layer with 2nd clad layer 13R by p type AlGalnP (for 
example, (aluminum0.6 Ga0.4), 0.5 In0.5 P) is constituted, and epitaxy of the 1st contact layer 2 by p type GaAs is carried out on 
this. 

[0068] On this 1st contact layer 2, furthermore, the 1st clad layer 1 1G [ for example, ] by p type ZnMgSSe (for example, Zn0.9 
MgO. 1 SO. 1 6Se0.84) ; Undoping, low-concentration n type, or p type For example, barrier-layer 1 2G by ZnCdSe (for example, 
Zn0.8 Cd0.2 Se), For example, light-emitting-device composition section 2 1 G [ green ] by each epitaxy layer of 2nd clad layer 
1 3G by n type ZnMgSSe (for example, Zn0.9 MgO. 1 SO. 1 6Se0.84) are constituted. 

[0069] The 2nd contact layer 3 by n type ZnSe is formed on clad layer 1 3G. on this And n type (for example, Zn0.9 
MgO. 1 SO. 1 6Se0.84), for example, ZnMgSSe, 1 st clad layer 1 IB, Undoping, low-concentration n type, or p type For example, 
barrier-layer 1 2B depended ZnSSe (for example, ZnS0.06Se0.94), 2nd clad layer 1 3B by p type ZnMgSSe (for example, Zn0.9 
MgO. 1 S0.16Se0.84), Light-emitting-device composition section 2 IB of the blue by each epitaxy layer of the p type cap layer 14 
by ZnSe and the p type contact layer 4 by ZnTe is constituted on this. 

[0070] Thus, each red, green, and each blue light-emitting-device composition sections 21 R, 21G, and 21 B constitute the 
light-emitting-device composition substrate 21 which comes to cany out a laminating. 

1 007 1 ] Using the substrate 21 by this composition, it can also consider as the simple substance composition of the semiconductor 
color light emitting device 50 like the luminescence equipment which earned out array formation of two or more semiconductor 
color light emitting devices 50 on the semiconductor color light emitting device 50 which was mentioned above and which was 
shown, for example by drawing 1 , or the common substrate 1 explained by drawing 4 - drawing 1 5 , and the luminescence 
equipment by these accumulation can also be constituted. 

[0072] Although it is the case where formed red light-emitting-device composition section 21 R in the lower layer, and blue 
iight-emiuing-device composition section 2 1 B is formed in the best layer with the composition shown by drawing 18 As drawing 
16 and drawing 1 7 show, when considering as field luminescence type composition and deriving luminescence from a substrate 1 
side like the case where it mentions above Light-emitting-device composition section 2 1 G of blue can be formed in a substrate 1 
side, and light-emitting-device composition section 2 1G [ green ] and red light-emitting-device welfare section 21R can also be 
considered as the composition which carries out laminating formation one by one on this. 

[0073] Moreover, when using the light-emitting-device composition substrate 21 by the composition of drawing 18 , it cannot be 
overemphasized that it can consider as an end-face luminescence type, either. 

[0074] In addition, when using which light-emitting-device composition substrate 2 1 , considering as field luminescence type 
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Composition and the GaAs contact layers 2 and 3 intervene, the composition of removing beforehand the portion which selects in 
the thickness which is the grade from which transparency of luminescence is not prevented by this, or needs transparency of light 
is taken. 

[0075] Moreover, although it is the case where each semiconductor light emitting devices R, G, and B consider as the 
composition by which the clad layer has been arranged on both sides of a barrier layer with the illustrated this invention 
composition In the semiconductor light emitting device consider as the SCH (Separate Confinement Heterostructure) composition 
which the guide layer was made to ****, or according to an II- VI group compound semiconductor Between the cap layer and 
contact layer 4 of this, perform for example, grid adjustment good, or In a semiconductor light emitting device, the light emitting 
diode by various kinds of composition and laser diode composition can be taken -- the composition made to **** the 
superstructure semiconductor layer for making contact resistance reduction-ize can be taken. 

[0076] The luminescence equipment with which two or more semiconductor color light emitting devices depended on an 
above-mentioned this invention were formed on the common GaAs substrate 1 , for example, the luminescence equipment by 
two-dimensional array, can constitute reproduction screens, such as color displays, such as a personal computer and a word 
processor, and wall tapestry color television, etc., luminescence equipment according [ and ] to one-dimensional array can be 
constituted as the color light sources, such as a LASER beam printer, and the puipose for spending is wide range. 
[0077] 

[Effect of the Invention] Since the light emitting device of red in three primary colors, green, and blue takes the composition by 
which the laminating was carried out, the semiconductor color light emitting device by this invention composition can perform 
full color luminescence by composition of such light by carrying out drive luminescence of these individually. 
[0078 ] And since each semiconductor light emitting devices R, G, and B have the composition by which the laminating was 
carried out, and these cany out **** approach mutually and are constituted, when considering as the so-called level type 
composition to which outgoing radiation of the luminescence of each [ these ] semiconductor light emitting devices R, G, and B is 
carried out from the end face, this luminescence can compound such light easily and can perform full color luminescence. 
Moreover, full color luminescence which was excellent when considering as the so-called field luminescence type composition 
which makes luminescence of each [ these ] semiconductor light emitting devices R, G, and B the direction of a field and the 
crossing direction can be performed. 

[0079] And especially in this invention composition, it excels in crystallinity and can receive at a low price. Moreover, on this, it 
is III- V. The GaAs substrate 1 which a group and an II- VI group compound semiconductor can improve epitaxy of the adjustment 
is used. They are the semiconductor light emitting devices R, G, and B of each color formed on this III-V By having constituted by 
the group and the II- VI group compound semiconductor Since the light emitting device which was excellent in crystallinity, 
concerning [ both ] each light emitting devices R, G, and B can be constituted, certainly therefore, repeatability is good and the 
semiconductor color light emitting device which it is stabilized and is made into the puipose can be manufactured with the high 
yield. 

[0080] And it is III- V in this way. From taking the combination composition of each semiconductor light emitting device of a 
group and an II- VI group For example, it is related with luminescence of red with comparatively long wavelength, and the light 
emitting device which performs green luminescence in a certain case further. III-V A group system compound semiconductor 
constitutes and it is related with the light emitting device with short wavelength which performs blue and still greener 
luminescence in a certain case at least. By constituting by the II-VI group system compound semiconductor, it can constitute as a 
high light emitting device of both luminous efficiency about all the light emitting devices R, G, and B, and the luminescence 
semiconductor color light emitting device which can perform full color luminescence covering a wide range hue can be 
constituted. 

[0081] Moreover, III-V Since the semiconductor color light emitting device made into the puipose which grid adjustment was 
improved to the GaAs substrate 1 by an AlGalnP system compound semiconductor's constituting a group compound 
semiconductor light emitting device, and constituting an II -VI group system compound semiconductor light emitting device by the 
II-VI group system compound semiconductor containing ZnSe can be obtained, it is stabilized more, and repeatability of luminous 
efficiency is good and it can manufacture a high semiconductor color light emitting device with the high yield. 
[0082] Moreover, when considering the red, green, and a blue semiconductor light emitting device as field luminescence type 
composition, it sets. Red light emitting device - from considering as the composition which piles up in order of the light emitting 
device of green light-emitting-device-blue, and observes color luminescence from the semiconductor light-emitting-device side of 
the blue of the short wavelength Since it can pull out with high transparency efficiency also about luminescence from the light 
emitting device located in back from an observation side, each colored light, i.e., a full color light, can be drawn efficiently, and 
this can be observed. 

[0083] Moreover, by making the electrode contact layer by GaAs intervene between each semiconductor light emitting device, 
while being able to carry out the ohmic contact of the electrode of each semiconductor light emitting device here good, in the 
manufacture process of each semiconductor light emitting device, simplification of manufacture, improvement in repeatability, 
etc. can be aimed at from the ability of this contact layer to be used as an etching stopper. 

[0084] As mentioned above, according to this invention composition, it has high luminous efficiency for a semiconductor color 
light emitting device. Repeatability is good and it can manufacture with the high yield, moreover, this light emitting device From 
the ability of more than one to carry out array formation simultaneously easily, to the common substrate 1 For example, TV color 
display is performed, display units, such as a personal computer and WORD ROSESSA, are constituted, or it has many profits - 
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* it can use as the light source of a LASER beam printer by one-dimensional array. 



[Translation done.] 
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IBfc*?fiij£&2 1 R. 2 1 Gi3 Jtf 2 1 BtfBfSLZtl 

[0033] z<mv\t. &mnzmf&t&ftts£tm 

(VmtoftXMTR&XVGtf^ A 1 Ga I n P&DU 

i-v m&m&v. buib at 

1 ) izx&u-vimmtiikitim&T&i. 
[0034] ;«2in m3izmmmmmi^ 

tXdiZ. nmOG a A s #|£f H *R 1 ±fc . 5fe"T*^ 
10 ^3fcS^ffi«^21R$:Xtr^4r^--tS. 

21R(i. {Hi.(fJ53 0 . 5/im»nS«(Alo.6 G 
ao.4 )o.5 Ino.s PXWhmiWjfYmi 1 
Rfc. WxlfffSO. 3A£m<OT:xK-7J>SUii£St 
Jg<0nSt)L<(±pM«?5 (Alo.z Gao.s )o.s In 
0.5 P*9&l>*SttJf 12Rfc. 0UtfJi3O. Sum 
<r>P%L<D (Alo.6 Gao.4 )o.5 I no. 5 PiO&S 
£20?? ? F«l 3 Rt tJKfcxt^^^-LTJB* 

-rs. 

[0 03 5] -tl/C. ::<0fit £352 1 R±fc. toWM 
20 SO. 2/xm<7)pM«OGaAs{c:J:5£103y??h 

B2*xe***/-u znnttz&rmtmTmm 

2 1 GS-Xt^^f^-f 4. ^ COlS^g? 2 1 G«. 
»£^£0. 5umC/)pM (A 1 o. 7 Gao.3 )o.5 In 
0.5 Pj^ftftSia^vFJIl lGfc. WxtfffS 

o. 3//mcoryK-rj)Sv^iflSiS«onMtu<Ji 

p1«(A1o.6 Gao.4 )o.5 I no. 5 PiO&SJS 
tt^l2Gfc. 0|i.(fJf:§O. 5jum(OnSO(Al 
0.7 Gao.3 )o.5 Ino.5 P &&2<T)9 =7 v V 

mi3Gkzm&.tt?**/-Lxmi8&h. 
30 [0036] m.iz. za>msM2 1 G±tr. mtumz 

0. 5jum«OnM<OGaAstC<kS£2<03V^?hg 
3S:Xt?^v-t. Cl^W±H»<^Bt^^^ 2 
1 B^XhT?^v—-f <I^^2 1 B»i. 
WSO. 5/xmiOnacOZn (So.07Seo.93) tiS 
Sl£7)?7-/FWl 1 Bfc. Wi.Kf$6nm»ZnS 
e«AiJ7lfcf34nm<7>(Zno.9 Cdi.i )Se 

#F) «it0Stt® 1 2 B i: . mt\m% 0 . 5 jumco 
pS^JlZn (So.07Seo.93) fc:J:S®2^7-yH 
40 SI 3Bfc. pmmZnTekZnSekCOm^Ws. 

4 k sir^xe^df ^- tTjgjs-rs . 

[0037] ±a^I I I-V gtfb^u^frt J: 
J:tm<0^3^ : f««a521RfcJ:t52 1Gi:. Sglti 
«ktfm2<03y??M2iJJ:tf3li. ^mocvd 

(Hetal Organic Chemical Vapor Deposition) iZ X ->X 

ziw}&\\-v\m&mmmzxh^>* 
9 hmAi-ktmcomm^m&m 1 b«, ^mb 

e (tJH^xt^Jf^-) CioTxtr^^fi'-^-s. 

50 [0038] ZnXolZLXGaAsmil±.iZjp0tt 



7 

ym^mftM 2 1 r - n ? b s 2 -ntcomm^m 

4±fc04fcijcf mfcfflWiJJ:tfigp§D#<E- 

[00 39] 05fc*T.k5K. i7fym?61 
? t l/CIOVX? 6 1 fc J: it fffcJvtfMR£ 

a&21B£. mtfAr#iS^ffl^feRIE (RJCtt 
2 1 B#On'?— yx-yf-^SfVC. GaAstiSa 

zztizx^x. H0>%m?mfm2 i Boaast? 

-yx.y^yT'Srfi^ x.<9+vnx?6 
1^0l§DtfflS-ri»SIBSrt>-?-C. Xh7>fTRWf 
02£3fc3gfl?§j£gB2 1 BWmZtu ^<rMf$M2 1 B 
W«^3&^«SW<0^flcfB^^B3&sffi5i|m$ft 

[0040] a6fc^-rj:3t:, i7fym?6i 
&m~>xmmtzmn£7 * h v : jx vaz x 

VX?62Zffi&th. 

[0041] m7iZ^tXo^ x.y+y?-?X7 6 2 
*-?X9tLX^ Zff)~?X? 6 2\,z£-,XWbtv?l,zft- 
S&fcgMLfcny?? hB4 kClfi.i0T<0loa&^ 
5^^B^x^^-^^^i-rs. dOz* Z.0XX.*t*v7 
Xmg. LfcGaAstiS3yj'^H3 ZmittT* 

JtWt7f^». gfcdilOT^A l Ga I 
n P^Wfito?&3fc^f18j£!&2 1 G*flUt&Ufea*B 

[0042] ■lOXyf-i/T'iiA 1 Ga I n 

pt«j:sfBe*^«j£a52 1 GimLxte&mzzcox. 

v+>71fibZtLhtf. GaAsfc:||tTli-E-c7)x>yf- 

xwmmf&&2iGtfw-v^i-vrzti. g 

aAst«tl)3y^^M23mS|{fc:SM-rSfc. 

f-v^tffjw* t . mrnmrmtfL^ i g#. w 
+D^a^*«kiam*t->"ciHR»»fc4Mi«*u 

Zcr)®&%2 1 Gtf^a^&SIIto^ttffcfcSI^G 



(5) #18^7-263752 

8 

mj&ztihtmz. zti<r>±comiu$-*mz±3&<?> 
m<rm@k : f-®m2 i Bn^m^zz^mmt* 

[0043] 08 fc^-f ± d fc, X y f-y^VX 

fi£S521Gfc. i*lcO±c9»<0&3^71ij£aS2lBi; 

&§v\ w,zm^ommm=FmM2 igis^s 

iSx-y fym 7 6 3 ZBffLi- h . 
10 [0044] 09tC^idt. X 7 fy/7X?63 
SrVX^l/C. Cl^X y^^vX^tcioTS*)^ 
-rtC^tSM-rSGaAsny^^hg2t. ZtHD 
T<0A 1 G a I n P^W#<05&^^^ 2 1 R£± 

[0045] ClcOidfc-rStm^Lfcidfc. GaA 

s iizmhx\t%<ttv+vyi8mi t w>xm\^kij> 

*U GaAs««l365j1^5KSM-rSi:. ^--CM^ft 
±x.y^y^f?ih-rSO-C. £*>«MjrCx 
20 f?it$-£i:. *<Df£ft^ffllli!t«21R#. 2W+DK 

8tS*U icO#cOlBK*^fliBga52 1RO#- 

[0046] Ui#oT. ■?"<7)ftx.yf->'^-7X^63 
b . 0 1 0 t^tfi 3 1 , **i-?itJBft9ia 

mtommTBmtfizti. zixzKmmwmm? 

30 Gt5£VBcrWgHzmm-tZ>SWHzay?7hm 
2. 3tJ«ttf4#Sai$^«a<0^^5-IBK* 
f5 0*S s JeiC0GaAsSSl±tN^f{Cffi?S^$ 

[0047] ±M<vmfo# y -mmi- 5 ott. #x 
v^yy^x? 6 1 ~6 3w^-y<os^tcior. 
-5H-r=5:^^ i wm\zwmmh^b *>x%h u 

JS^i 0fffc«tt^C2»5cWfc:S?!im-tSc: fc t> 

[0048] d<DJ:3fctTJ8j£Lfc«^Stt;*5>-!& 
40 3^^5 00, ^S^ft^tS^R. GUXVBizm- 
hWmBti&fto. ZcrfflTli, GaAs^Rltit 
-TSmiW^«i4 1&. fflSlW. 
^5 O^^SfLSlitriy^ ^ h Limf$i.b-?hW> 
■&Xh&<. 

[0049] Z(?>m£^ HI ltc^tiot. S 
Stli^^ft^^-^g^SOSrSoT. 7*h 

[0050] 012(CSrfJ:oK. 7tM/»H6 

5iznix. w-ym±ti£xmm'ti'>x . zti? 

50 it0lt«f#fc<J:V#<7)^«cylM^Rt}«ttAB<O^ 
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h«2 i> «ktf4 0«fii«*aS£Saj;*-frSlg6 6WRi> 
J:tf6 6WB£t^U ««^£**>SMiX>' , W*'J 
y/^; 6 6 £7Bf£-r6 . .Itf>i§£. Wx.<f tfi'T 

T£6 6WRfc«ktf 6 6WB«0rtJfflgt^C^I"I*>->-C 

saw sia$ l 6 7 #*&£-r * «t a IT*" S . 

[0051] 01 3iz^tXdt,Z. vx?66«0jg66 
WR*>J:l^6 6WBS:jifC3y^^M2t5J:tr4fc 
*tLTfiefcWi.tfT i /P t/Au £g£»i>£«,>tix 

S-3T-5y^t:»«g«-rS. Sg66WRfc 
J:tf6 6WBfct^L6 7#^L-O^C:fc*»£>. IA 
SL6 7tZ&t>tlX. W&4 2&XT/4 4{£&¥g*?& 

[0 0 5 2] Bl4{C^idt:. -7X^6 6?:^* 

u msbu^ nmzm/mm? * v wjx v 

fc68WG£5?^U WmWtht^Mxn-, 9 U V 

6 8WHXX/6 8WG<0rtffl»{c:>t>'i:^|pI*»oT^aj-t 
S tA3 L 6 7 X o iz-tt . 

[00 5 3] -etTs vX?6 8<D3g6 8WisJ:tf68 
WG£ 31 tTfflg 1 ±b 3 y * ? h M 3 *t LTSttfcW 
itfAuGe/N i/Au«rH**)SV>tiXA.y^yy 
^LTHliiJ:tfS§34)«64 lfcJ:tf43£:*-$y 

. z<v®&. me swGttA? l 6 7 

ffi&LX^&Ztfrt>. «ffi4 3fcHUrt^*% 

GOSajgSW-at^f S i t s . 
[0 0 54] HI 5(c*ridt:, 6 8 £6fc#r 
h. Z0>£otZ-fZ>t. GaAsaSl±fcffi5Hm$ 
v-mm? 5 0 H3S2 ~SI4 0«S4 
2-4 4*W?ii, «I^i:igHat:SSlfc:*H-S 

% 1 omfii4 1 *qgj£$ix^«s<o^«c* v-wm 

=F5 0 j«fl3:h.fcfy£§£B#ffij£$*l?. . 
[0055] Cl^J: 3 fcLT^3*l*¥3lft?l3fc^ 

t>. mmMf&.tixmhzttfX'*. zom&im 

mtx. ii£z<7)&7)mm?£xm<rmtt&izft 
<7mtm?zmtxmiiiLxzti£wmi-&<vx\ mm 

u ztiz®mt&zttf?zhi>0)X't>h. -f%b 



(6) ^^7-2 6 37 5 2 

1 0 

mztkemmTx-b*). 
mi>>\^zti>>t>. wcmiz&%<?>%^%i. ztnz 
*ru mam*mmizs*yv**>y7tf*z\^ 

m^i^mz-ti hox-Sit. 

[oo56] mmmzxtitf. ^m^ma^r- 

R. GfcJ;tfB£**l<e*l<£?)?§ttJ112R. 12Gfc 
10 XX/ 1 2 B<D±.TlZ*tl?tim 1 &Xtfm2 (09 =7 v H 
«HRfcJ:Vl3R, 1 lG*5j:tXl3G, 1 1 B*3 
XI/ 1 3 B*^StL3t^y^rnffigfc Lfzff)X\ 
^VWffllj&biWmtzffoZt&T*. m&> 

[00 57] ft. Jb3£UtHtefl|-m. GaAsiSl 

g. ^cvp&KmmTBzmtztim&t Ltz^x-s> 

01 6fcStTi3fc:. GaAsSKUffl^HiJ? 
20 W<0¥*Sttf&3K3H^B. tiO^Wt^^TG. 

^«c!63K«^R&afa^1SJSt I. ®R1 fc:*7-%3K 

^ai-r5m7os:^-r-& 1 rtfc#s. 01 6t 

iswc. 01 5t«fi5-rsa5^t«H-^2r#tT« 

[0058] *mM. m%m&t?h)§&iz 

f&t>-f&fSW§l 2R. 1 2Gi>J:m 1 B<0igffl*^ 
[00 59] jfcfc. #^#*IBt^R. Gfcit^Bti 

[0060] t*-^^, ^mwmm^R. g&x 

OOSSQli. %3K*^)«a«2 1« 

izx-ix. %mm?5ov>&mftmm?R. gh 
x-?x. z commgh^mmizx ^xmmt x^z 

•$-hZttfX-%h. 

[0061]±3*L^J:dK. #«ffi4 2&XX/4 3* 
fcm-ri»3^^^h®2iJ«tt/3^. GaAsitA 

jiStiJ^T-e^Ga A s3W M2fe Xl/3 

50 mtt&m?>*vryrttb%%mm=Fffii8M 



(7) 

1 1 

[oo6 2]0i7ii, z^mtomm^R. g&xv 
b ^mmm^m^—fmmt Lt^<n-m^fm 
mmm^^t. zcomTit. GaAsijgiic m& 
fflsms*^w. mxvftn&mftmmTB. g 
titVRzmmm&i. wsLuz$m.Ltimn o*m. 

[0 0 631 z<7)%&. ^mtommTB. ghxv io 

"y~/9 SJHM ( D B R : Distri buted Bragg Reflector) 

t±SSStMMBlfcJ:lfMB2, MGlfcJ:tfMG2, MRlfc 

i^MRZJ&SMBE^V^iMOCVDti^T^StL. 

?tam mmm) zmftis-ftzx&^&ftmm 

^B. G&.KHl£tiHH-&. 
[0064] -tLT. 

B. GfcJ:t/ r R<D#KSIM{;L *h.-«i. te?>fetf)f£3fc 

[0065] -£LT. Hl7fctttvc x SlfcitfHl 
B17fciJ^Ttt. ^1<0«64 l£GaAsg 

[ o o 6 6 1 *l *%mz x z*mtot> j-mmrt: 

#<V|^ftf£3KiHfRtf>*£lII-V &0UtfA 1 Ga I 

tomm^GtiXv Birii-mm^s^mmzx ~>x 

ffilR?hZkl,X'Z&. 

[00 6 7] Z.c»%&oW6L2 l<7)-#i£Hl 8£#H 
LTfM&tS. ;©t^. nS<DGaAs«|Rl±fc:. 
{ft;ttf nS?tf)A 1 Ga I nP (0fctlf ( A lo.e Ga 
o.4 )o.5 I no. s P) JCiSffSlcO^-yKJil 1R 

^.tTAlGalnP (MUi (Alo.2 Gao.s )o.s 
Ino.s P) fcJ&SittJll 2Rt. pSiOAlGal 
nP (0!i.fcf (A lo.e Gao.4 ) 0.5 I no.5 P) £ 40 
J; 618207^ K«l SRt^xf^^f^-lfcJ: 
S*<0f8ft3ffl?tj£g|&2 1 R£fltJ£U £*itf)±fcpS* 
G a A s iZ i SgS 1 <DZt >? ? r-Jf 2 SrXtT^df zs--t 
S. 

[0068] Sgt. Z(0&l<7)3>f? hM2±lzmt 
ffpSOZnMgSSe (0lxtfZno.9 Mgo.i S 
o.isSeo.84) CJ.&S&lO^-s'KJf 1 lGfc. 7^ 

CdSe ({HxIfZno.s Cdo.2 Se) CiSSSttS 
12Gfc. 0i£{fnScOZnMgSSe (0ii.«Zno. 50 



! 8ifH E 7-2 63 7 52 

1 2 

9 Mgo.i So. is Se 0.84) fcJ;&^2<7)?5y KJI1 
3G<0&xe?^-SfcJ:6ti<9f£3l^«JO2 1 
GfcflfjfrrS. 

[ O 0 6 9 ] * LT ? 5 y r-'Jl 1 3 G±^09i.tf nl<^) 
ZnSe(:J:Sm2cony^^M3^«L. ^ii<0 
±fcnScO0J;t»fZnMgSSe (fllxtf Z no. 9 Mg 
o.iSo.ieSeo.84) lBt. 7^ 

K-T&S^liffiift&Onat, L<J± P S^i.»fZ n 
SSe (flli.tfZnSo.O6Seo.94) <k&iSttJil2B 
fc. pIi^ZnMgSSe (WttfZno.s Mgo.i S 
o.ieSeo.84) £J:*flI20>??<9'KJ|13B2:. Ztl 
<D±£ pm.<mt\Z Z n S e (c ± 6 ^ /T® 1 4 fc . 
pf£L<?)fflz.ifZ nTeCiSny^? MMO&Xfcf? 

*^-jgK i£it<Df&3fciffflgj02 1 B^itritrs. 

[0 070] -TOidtLT. JiiiJ:tfiKD#& 
3te*?fltj£&2 1R, 21 Gfcitf 2 1 B#ftl|3*lX 

[0071] ^^)««fcJ:SS«2 1 £fl?WC. ±ML 

^iH4~@i 5 x-mm ttzimcrmz. 1 ±t«R*>¥ 

S«c*5-I63^^ 5 0£ffi«£U:f£fc!!Btf>«l: d 

fc. ^ft^^-^t^socomiwgjsfc-rscifct 
•c^su zixbnmttzx&ftxgmzm&t&zt 

[0072101 8-C*t3til«T«. T«fc#?>&ft 

m?mfm2 1 r£»j£u eiJitw^iBesmajs 
as 2 1 B*&&LLti&&Tb&ij t . m^L-f^m^tmm 
c #u.tfBi 6*. mi7x^-txoiz, mmmm 
fctu sisnni^iBi^ai^d^i. asi 

<m<?>mmFFm8M2 1 g. #oig3eig^w±a52 1 

[00731 ^^.01 8<^«j£t J: 

[00741^. V^<OlBI^^«J^IS 2 1 £fflV^ 
GaAsny^M 2 fcitf 3 *«^S$ixS^tfc 

v^^j*? izm^t & k i)*%e>m&z&mk'?&m- 

1 0 0 7 5 ] 0*L^*l6HHflijS-c«#^^ 
Jt^^R. Gfc±tfB#?Stt®£&CC?5>yFJf#E 

fcSCH (Separate Confinement Heterostructure) M 

u-nmt^mmmzxi^m^mt 
m^iz&^x. *(o*wrmkzti(r)3>??hm4 
kvmz. mmm^m^^m^okiiK nv*?? 

$itmf$.zkhzki>x'Zh%k\ ^m&mm^iz 
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[ o o 7 6 j ±&an&mzx hmm^m^y-^ 

or* 9. ifcfcl»3ai^fc:.J:S3^Stt. HxtfW 

— f r y >-^^<7)* vcm$x* , 

[0077] 

[0 0 78] *LT. #¥^*3&3fc*? 

[00 7 9] zvx. &z*mmmiz&^xii. 
mz-t<timmt,zA^x-z. *^i<io±tc. m-v m 
tjitf ii -nt^ismm&zmi&& <xt^ ^~ 

T^SGaAsSSlJrffllrV dtuOitJKfctS&ft 
tf^ft&jfcS^ R. GiUtfB?:. III-V giiiitfll 

-nm^mm^i^xm^L^ttzx*). 

[0080] ZLX. ClOJratlll-V BeiJitfll-VI 

teMtof^£?rd$S3l^fcWL'CHU m-V IM^ 
ISj^ttfcioTtifJfcU ttJEO»v^<2:t>fN Jg 
fc^^Ji^lfeitS-ff^^l^^WLTJi. II- 

vie^fk-^Bj^ftt «t oTflifi&rs i t tc j: o . -m 
%m?r^ Gii£VB£.mixbt>£.?£mm<vsuft 
ym?bixm&r&zbtfX'Z. tmwomtzbK 
h ytva y-m&ft o z b vx-z zm&mm 

[ o o 8 1 ] m-v mit&mmimm?z. 

A 1 Ga I nPmt&ti&mftlZZ^XffifSLL. II -VI 
B^#B^tt?fc3l0^£. ZnSe£^tfII-VI& 



(8) ^^7-263752 

1 4 

m.&M¥mmzX^Xffif8&Z>ZbtzX~>X. Ga A 

s i £*tLTji < i&?s£$fu£ aw t 

J: O^LTBSttS 

[0082] ®t5£T/it<vm#mm 
Tmmmmf&b-thm&izti^x. ^<omm^F- 
wmt&^-memmwmzmz&bit. *<m 

m&b-r&zbfrt,. ®mm> t> mxztmthmm 

[0083] &mftffltm i mtZ. GaAsC 

x&wm^yf ? hmzftftz-tthzbizx*) . zztz 
z^mftftim^Femmzmiz*-* 7?3>;n 
x-z h b b uz&mftmm^emmimtzis^x. 

20 btfx-z&zbfrhmmomit. wmnftiMm 
&hZbifiX'*&i>coX'b&. 
[0084] mLtz x o *mmmz xtm. * 

m^ma t )*i>ixwm-&zbtfX'Z. &tzz 
amm?*. $mcom&. i izmmzimwi&Tizmm 

TWi.tfI^— -^TU V9<F)fflMb Lxm^&ZbtfTZ 
30 h*b^<rffl&*:tthi><nX't>h. 

[Hi i *miiz£&^my-mx?<r>~McDm 
smwrnx-hh. 

m2i*miiz£&3mmy-mx?<?>--w&& 
nmsmxbz,. 

[H3] *miiz£&!mmy-mmttmfs&z> 
mm?mfm&(oHmmmffiX'S>& „ 

[04] *l^t«tS^^7HS^^<0Hi*0- 

wfe-mn-JMnwrnumx-h & . 

40 [05]*^tiS^^V-|I^^OH!*O-- 

WM-mv-imnmmiwmx'b i . 

[06] ^^tci^^^^-^t^^O-Mco- 

wmwio-xncoMmimix'f) h . 

[07] *IKBtJ:l»^**5-^3^^^>-W)- 

^mo-iMmmmmx-bh. 

[08] *^tJ;S^^7-l^^^)HJIkO-- 

[09] *m\iz£h^wtiy-mm^<?>--m?y- 
50 [0io] *mnz x s^** y-mmKo-mo 



(9) 

1 5 

-mt-jmo-iMcommmm-ch h . 

imi 2 3 ^m^xh^mwa^-mm^-m^ 
[01 3 3 *m\££i^#*y-mm?<7>-mcr) 
[0143 xmitzx&imiktiy-mmTtD-mo 
[01 5 3 y-m%Ff*>-m<?> 10 

[016 3 ^f&WfciSWfc^-ffc^?^*)-- 
^HlB&BfiiS0rj>S. 

[017 3 *l6BBt £&^Ki)y-mmF¥V>tiz<?>- 



[013 




41 



*SP§¥7-2 637 5 2 

1 6 

[^Wl»BB3 

1 GaAsSi 

2, 3, 4 ny^bJl 

R ffcO^Sttl&fcSSH 1 

g my^mmMi- 

11R, 11G. 11B BlO^yKJI 

1 2R, 1 2G. 1 2B ffl&m 

13R, 13G. 13B %2<r>^=j-;Ym 

2 1 &3\3ffl?U£a« 

2 1 R *<0?63^f fiWtSS 

2 1 g mvmmt m&M 

2 1 B ff <9H5fc3^ ffllSSS 
4 1 ^l<7D®i 
4 2 3S2tfD«« 

43 %3<nmsk 

4 4 ^4<7DflHS 



[023 




Ti 



[033 



MM 



p 

IE 




-13B »*» » I" llUeSSj 
-12B W(TQW^S«/Z»S*'S«T 

•|1B»i»>»»'fi?<z^S 

-13 G m 2 «i ii»itn^ 0 • ' ° p > 
-|1g »l«i>»TPTiTAlo»iiiP) 



sib 



12R 8«9(AIGalnH> 



— HR »J«>? TTFB(AICalDp) 



-1 OJL.H 



(10) 



^^¥7-263752 



L2J 1 

^7 7771 Vrh 



[04] 



2} 



[05] 



61 



= 3 



IB 



: -2TR 
-1 



a 



B(21B) 



V2 



[06] 



[07] 



r*Wi rW-i nti 



B(21B) 



21< 



21G 2f 
2 

1 



62 

1 



3^ 



31 




(11) 



#^§¥7-263752 



[0123 [0131 




[014] [0153 




| d-GiAb 



(12) 



^^¥7-263752 



[017] 




lint! 50f«{**9-axx? 



(72)f&BJ§# W <72)&HB# 58 »^ 

(72)&HJ§# &7C SI (72) 5J§ -a 

j&&i8 B a qjiiHtp a pjii6T§7#35^ y- *^p a piilKtfttJi|6Ta7#35^ y- 

-8sfc£ai*i -assart 

(72)?&»#t H 3££ 

«SS5iSp;iiatdWl|6TB7#35^- V- 



